Thermal Diffusivity Measurement of Refrigerant 22 at Low Pressures Using the Photoacoustic Effect by Stephan, K. & Biermann, J.
Purdue University
Purdue e-Pubs
International Refrigeration and Air Conditioning
Conference School of Mechanical Engineering
1992
Thermal Diffusivity Measurement of Refrigerant 22





Follow this and additional works at: http://docs.lib.purdue.edu/iracc
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Complete proceedings may be acquired in print and on CD-ROM directly from the Ray W. Herrick Laboratories at https://engineering.purdue.edu/
Herrick/Events/orderlit.html
Stephan, K. and Biermann, J., "Thermal Diffusivity Measurement of Refrigerant 22 at Low Pressures Using the Photoacoustic Effect"
(1992). International Refrigeration and Air Conditioning Conference. Paper 151.
http://docs.lib.purdue.edu/iracc/151
THERMAL DIFFUSIVITY MEASUREMENT OF REFRIGERANT 22 AT LOW PRESSURES USING THE PHOTOACOUSTIC EFFECT 
K. Stephan, J. Biennann . . Institut fiir Technische Thermodynamik wtd Thennische Verfahrenstechnik · Universltit Stuttgut (F.R.G.) 
ABSTRACf 
The photoacoustic technique is used for thermal diffusivity measurement of gases in the region of low densities. A photo:acoustic cell designed for accurate measurements in the pressure range ftom O.Ql to 0.15 MPa is described and experimental results with refrigerant R-22 at temperatures between 295 and 373 K are presented. Experimental thermal diffusivities were convetted Into thermal conductivity data with densities and isochoric specific heats calculated by iiii equation of state. 
1. INTRODUCfiON 
Different experimental methods are at present available for measurement of the thermal diffusivity of fluids, e.g. the triiiiSient hot-wire method /1-3/, photon correlation spectroscopy /4-8/, or a method based upon the photoacoustic effect /9/. According to an investigation of Nieto de Castro et aL /10/, the accuracy of thermal diffusivity measurement with transient hot-wire instruments is limited to 7-9 %, whereas Kruppa and Straub {11/ estimated an overall error of about 2 % for thermal diffusivides detennined by photon correlation spectroscopy. However, the application of the triiiiSient hot-wire method in dilute gases is difficult /10/, whereas thermal diffusivity measurement of gases by mCiiiiS of photon correlation spectroscopy is limited to reduced pressures p{p c above 0.4/4,5/. 
b1 a recent article /12{, the authors presented thermal diffusivity measurement by means of tl1e photoa~;oustic technique. This method delivers accurate results in the low density region, where the transient hot-wire method is less accurate and photon correlation spectroscopy is not applicable at all. E;,;periments with argon' were <:arried out at atmospheric pressure and temper-atures up to 423 K in order to demonstrate the applicability of the photoacoustic technique for them1al diffusivity measurement of dilute gases. A precision of less than I % was estimated, and deviations from best available reference data were of the order of 0.5 to 1.0 %. 
In this paper, new experimental results with monochlorodifluoromethane (refrigerant R-22) in the temperature range from 295 to 373 K at a pressure of 0.01 MPa are presented. From the measured thermal diffusivities, thermal conductivity data were obtained with densities and isochoric specific heats ·calculated by an equation of state. 
2. PRINCIPLE 
In photoacoustic dete::tors, acoustic signals which are provoked by absorption of irradiated light in an enclosed gas volume are IIleaSIJlCd with sensitive pressure transducers, e.g. condenser microphones. In our apparatus, a continuous wave Helium-Neon-laser is used as coherent radi-ation soun:e with constant wavelength 3.4 J.l.ffl. This wavelength is conform to a vibrational transition line of the C-H bond, and thus corm;ponds to a strong absorption line of all alkanes, particular! y ethane. Small arnowtts of ethane of the order of 500 - 2000 ppm added to the pure gas provide sufficient absorption without influencing the thennophysical properties of rlle pure subsrance. Therefore, measurements can be maintained independently from fluid-specific ab-sorption lines. 















Figure I; Photoaeoustic sign~ I._ 
The !henna! diffusivity of the sample gas can be derived from the time"<iependent pressure 
rise, Fig. 2. A detailed analysis of the method has been given earlier /12/. Therefore, we shall 
give here only a brief summary of the analysis. The timc..iependent presstire rise can be calcu-
lated from the average temperature rise as a function of time. We obtained the temperature rise 
from the equation of heat conduction In an infinite cylinder, because the sample chamber of the
 
photoacoustic cell is a narrow ey!lndrical tube with a length-to..iiameter ratio of approximately 
65; 
fflT .\ 8T 8T A /Jr2 + r Fr • p Cv Fi - A • . (1) 
Herein, A denotes the !henna! conductivity, p the denSity, cv the iso<;horic·speeiflc heat, r the 
radius, and T the temperature of the sample gas. The heat generation A was detennlned from 
the intensity distribution of the laser beam which was measured by a sensitive beam-scanner. 
The solution of equ. (l) with Initial temperature To and constmt wall temperature To as bound-
ary condition gives the local temperature rise as a function of time which after integration leads 
to the average temperature rise as a function of time. The pressure rise as a function of time 
(2) 
can b~ derived from the average time-dependent temperature rise, where i:!.p"' denotes the pres-
sure rise for lnfmite timet...:. oo, {• the roots of the Bessel fimction of zero order Jo(~m) • 0, R 
the. radius of the .cylindrical sample chamber, and K. the coefficients as given In table 1. The
 
!henna! diffusivity a, which Is defined as . 
a • A/p Cv , (3) 
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Figure 2: Reduced pressure rise vs time. 
3. EXPERIMENTAL APPARA TIJS 
The experimental apparatus is shown schematically in Fig. 3. The mechanical chopper providing periodical modulation of the Infrared laser radiation is isolated by a sowtd-proofmg box In order to protect the microphone from disturbances by sowtd tranSmission from the chopper blade and vibrations of the choppet motor. Two CaF2-Ienses are used to focus the laser beam In order to obtain maximum radiation Intensity within the sample o;hamber. 1Jle radiation is partially absorbed by the sample gas. The photoac:oustic cell has to be adjusted in order to attain coincidence of the beam axis and the axiS of the cylindrical sample chamber. The adjust-ment is verified with a beam-scanner behind the cell by measuring the intensity distribution of the outcoming beam. 
The photoacoustic cell, Fig. 4, consists of the sample chamber within a copper cylinder and the microphone chamber. The copper cylinder is de5igned for experiments up to maximum 
151 
Figure 3: Experimental apparatus. 
Figure 4: Photoacoustic cell. 
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temperatures between 373 and 423 K depending upon the system pressure. It contsins heating filaments at its jacket and at the front sides so that a constsnt wall temperature can be main-tained. The tempe~ is regulated by a PID-controller and a platinum resistsnee thennometer. The sample chamber consists of a caj)illary tube with an inner diameter of approximately 1.5 mm and a length of 100 nun: which was 'shrunk Into the copper block. It is enclosed at each side with a CaF2-window allowing nearly complete transmission of the beam intensity. The microphone chamber had to be sepalllted from the copper cylinder In order to protect the micro-phone from direct illumination and high temperalllres. An acoustic coupling tube connects 
microphone and sample chamber for transmission of the photoacoustic signal. 
Tile system pressure is detected by a piezoresistive pressure transducer mounted into the 
microphone compartment. The ovelllll error of the measured pressure Is 0.4 %. The wall tern-perature of the sample chamber Is measured by platinum rcsistsnce thermometers at the center of the cell and at the front sides with an error less than 0.1 K. A condenser microphone is used for detection of the photoacoustic signal, which, after filtering and amplification, is monitored by a 12-bit stomge oscilloscope. Evaluation of the measurements Is carried out with a com-puter. 
For thermal diffusivity measurement of refrigerant R-22, we selected a system pressure of 
about 0.01 MPa so that thermal diffusivities were higher than 50 x 1()-6 m2 s-1. Thus modula-tion frequencies between 75 and 115 Hz were maintained permitting a sufficiently large part of the time-dependent pressure rise to be detected, Figs. 1 and 2. The measurements were limited to a temperature of about 373 K because the sealings of chloroprene became leaky at higher temperatures. 
4. RESULTS 
. TI1e experinlents were conducted with gaseous refrigerant R-22 with a purity greater than 99.75 mole%. Two series ofmeasutements were carried out in the temperature range from 295 to 373 K at a pressure of about O.ot MPa. We arranged the oscilloscope to store about 30 pe-
riods of the photoacoustie signal at each· temperature, Fig. 1, which took less than 1 s so that the system temperature and pressure remained constant within the duration of measurement In 
order to improve the precision of our data, the curves of each period were evaluated individu· 
ally and averaged afterwards. Table 2 contains experimental tesults obtained for 17 isotherms each run. The data of the two runs differ within 0.5 to 1 %. Therefore, we estimate a precision of our data of the order of 1 %. , 
From the measured thermal diffusivities a up' we derived thermal conductivities by 
(4) 
with densities p ref and lsochoric specific heats Cv rtf calculated by an equation of state of Wag-
ner and Marx /13/. Published thermal conductivity data show deviations up to ± 6 to 7 % in the temperature range between 280 and 400 K at pressures below or close to atmospheric pres-
sure. Fig. S shows deviations of thermal conductivity data of thil! work and other authors to a correlation of Tsvetkov /14,1 Sf which is based upon his own thermal conductivity measure-
ments and data of other experiments) works. Our thermal COI\ductivities show avemge devia-tions of I to 2 % to the relation of Tsvetkov and his experimental dats. The deviation of our data to experimental data of Hammerschmidt /16/, Maldts /18{, and Gruzdev /22/ is of the order of 1 to 2 %, whereas dats of the Japan Society of Mechanical Engineers /17/, Geller /19/ and Donaldson /20/ are not consistent with our data and the data of the other authors. 
S. CONO.USIQNS . 
An experimental apparatus based upon the photoacoustic effect for thermal diffusivity 
measurement of gases at low pressures waa presented, where other experiments! techniques, e.g. the trarisient hot-wire method and photon correlation spectroscopy, are difficult to apply or not 
applicable at all. Two series of measurements were carried out with refrigerant R-22 in the temperature range from 295 to 373 K at a pressure of 0.01 MPa. From the cxperinlentsl thermal 
!53 
diffusivities, we derived thermal conductivity data _with densities and isoc
horic specific heats 
calculated by an equation of state. Our thermal conductivity data agree within 1 to 2 % 
with 
data ofTsvetkov, Gtuzdev, Makita and recent data ofHammetsdunidL 
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Tentpl'!ft~ Pr=ure 'lhermll dlffuslvity 1bennal conductivity 
T(K) p (MPa) a (10-6 m1i~ .. , A (10_, W m'
1K. 1) 
u, 
295.0 0.01047 52.85 10.74 
299.0 0.01010 ~!5.88 10.90 
:l03.9 0.01012 57.33 11.13 
308.7 0.01060 56.97 11.52 
313.9 0.01034 60.11 11.79 
318.5 0.01016 62.87 12.05 
323.1 O.DI027 63.71 12.28 
328.6 0.01010 67.18 12.65 
333.4 0.00995 70.07 12.93 
338.4 0.011)44 68.42 13.17 
343.6 0.01022 71.91 13.48 
348.5 0.01001 74.38 13.67 
353.S 0.01052 72.93 13.92 
358.1 0.01034 75.70 14.13. 
363.6 0,01024 78.63 14.45 
368.1 0.01079 76.90 14.82 
373.4 0.01063 80.10 15.13 
294.9 0.01020 54.3-' 10.76 
298.8 0.00997 56.90 10.96 
300.4 0.00988 58.76 11.15 
:308.4 0,01021 58.83 11.47 
313.8 0.01006 61.15 11.66 
318.3 0.00984 64.38 11.95 
323.1 0.01013 64.75 12.30 
328.2 0.01002 67.60 12.63 
333.3 0.00999 69.20 12.82 
338.4 0.01046 67.67 13.05 
3-'3.0 0.01021 71.33 13.36 
3-'8.4 0.01013 73.69 13.62 
353.2 0.01045 72.33 13.72 
358.4 0.01026 76.08 14.09 
363.2 O.Dl017 79.20 14.46 
368.1 0.01073 76.62 14.69 
373.4 0.01059 81.14 15.27 
Table 2: Thermal diffusivities of refligenwt R-22, two runs. Tiler-
mal conductivities have been derived from measured thermal diffu· 
sivities by equ. (4) with densities and isochoric specific heats calcu-
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Figure 5: Deviation of thennal conductivity data from this work (tWo runs) and other authors to a correlation of Tsvetkov /14,15/. Hammerschmidt 1989 /16/, JSME 1983£17/, Tsvetkov 1982 /15/, Makita 1981 /18/, Geller 1975 /19 , l>nnaldson 1975 /20/, Touloukian 1970 /21/, Gruzdcv 1969 /22/. · 
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